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We examined four restriction site changes of chloroplast DNA in 22 samples of five 
infraspecific taxa of Desmodium podocarpum DC. collected in China and Japan. Three 
patterns of distribution of restriction site changes are recognized, as were recognized in 
our previous study (Kajita and Ohashi 1994). All the obtained data are combined with 
those from 16 samples used in the previous study for further discussion. A newly added 
taxon from China, subsp. szechuenense, is included in the first clade together with sam¬ 
ples of subsp. podocarpum, subsp. fallax, and Japanese samples of subsp. oxyphyllum 
var. oxyphyllum. As a result, samples from all the four subspecies are included in this 
clade. All the materials of var. mandshuricum are included in the second clade with three 
samples of var. oxyphyllum. Four newly added Chinese samples of var. oxyphyllum are 
included in the third clade with those from Kyushu and Taiwan. No materials from north¬ 
ern part of Japan are included in this clade, which suggests a possible geographical pat¬ 
tern in the distribution of this genome type. Materials of subsp. szechuenense and subsp. 
oxyphyllum from China are separated in different clades. 
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Introduction 

Desmodium podocarpum DC. (Legumino 
sae-Papilionoideae: tribe Desmodieae) and 
its allies form an extremely variable species 
group distributed in warm-temperate and 
temperate regions in eastern Asia. A number 
of different taxonomic treatments have been 
done for this species group by various 
authors (Nakai 1930, Isely 1951, Ohwi 1953, 
1965a, 1965b, Ohashi 1973, Choi 1991, 
Yang and Huang 1995). In recent years, this 
species has often been treated under genus 
Podocarpium (Yang and Huang 1979, 1995, 
Cui et al. 1987, Huang 1998) or Hylodes- 


mum (Ohashi 1999, Ohashi and Mill 2000), 
but we adopt Desmodium in this paper in 
convenience of continuation with our previ¬ 
ous paper (Kajita and Ohashi 1994). Ohashi 
(1973) classified the species complex into 
one species with infraspecific taxa, based on 
the observation of many living materials as 
well as a large number of herbarium speci¬ 
mens. In addition to typical subspecies 
podocarpum, he recognized subsp. oxyphyl¬ 
lum (DC.) H.Ohashi and subsp. fallax 
(Schindl.) H.Ohashi. These three subspecies 
are mostly clearly distinguished by the shape 
of terminal leaflet. The three varieties ac- 
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commodated in subsp. oxyphyllum are var, 
oxyphyllum, var. mandshuricum Maxim., and 
var. szechuenense Craib. The former two are 
distinguished by the position of leaves on 
stem, habitat, and thickness of leaves, and 
are thought to be different only by popula¬ 
tions or by individuals (Ohashi 1973). Var. 


szechuenense can be clearly distinguished 
from the other varieties, and was recently 
treated as subsp. szechuenense (Craib) 
H.Ohashi, based on morphological charac¬ 
ters, habitat, and distribution (Ohashi 1995). 
The infraspecific classification of D. podo- 
carpum used in this study is shown in Table 


Table 1. Infraspecific classification of Desmodium podocarpum DC., materials used in this study, and patterns 
of restriction site variations 


sample DNA Score Locality 

Desmodium podocarpum DC. subsp. podocarpum 
CHINA 102 0110 Siding, Yongfu Co., Guangxi, CHINA (T. Nemoto et al. 1002029) 

Desmodium podocarpum DC. subsp. fallax (Schindl.) H.Ohashi 
CHINA 104 0110 Hekou, Ziyuan Co., Guangxi, CHINA (T. Nemoto et al. 1006031) 

Desmodium podocarpum DC. subsp. szechuenense (Craib) H.Ohashi 
CHINA 103 0110 Hekou, Ziyuan Co., Guangxi, CHINA (T. Nemoto et al. 1006036) 

Desmodium podocarpum DC. subsp. oxyphyllum (DC.) H.Ohashi var. oxyphyllum 


MIYAGIl 

263 

0110 

Sakunami, Sendai, Miyagi (T.Kajita & Y.Tateishi 92092701) 

MIYAGI2 

282 

0110 

Akiu, Sendai, Miyagi (T.Kajita & H.Ohashi 92101807) 

MIYAGI3 

284 

0110 

Aoshita, Sendai, Miyagi (T.Kajita & H.Ohashi 92101809) 

MIYAGI4 

285 

0110 

Aoshita, Sendai, Miyagi (T.Kajita & H.Ohashi 92101810) 

MIYAGI5 

286 

0110 

Jouge, Sendai, Miyagi (T.Kajita & H.Ohashi 92101811) 

MIYAGI6 

281 

0001 

Akiu, Sendai, Miyagi (T.Kajita & H.Ohashi 92101806) 

MIE 

261 

0110 

Shorenji, Nabari, Mie (T.Kajita 92092101) 

NARA 

260 

0110 

Seijoubou-keikoku, Nabari, Mie (T.Kajita 92092102) 

NAGASAKI 1 

256 

0110 

Matsuyama-cho, Nagasaki (K.Yonekura 92848) 

CHINA 1 

107 

1100 

Xinpu, Jianghua Co., Hunan, CHINA (H.Ohashi et al. 925120) 

CHINA2 

108 

1100 

Jinxiu, Jinxiu Co., Guangxi, CHINA (H.Ohashi et al. 929122) 

CHINA3 

109 

1100 

Zhangjiang, Rongshui Co., Guangxi, CHINA (T. Nemoto et al. 1003028) 

CHINA4 

no 

1100 

Hekou, Ziyuan Co., Guangxi, CHINA (H.Ohashi et al. 929122) 

Desmodium podocarpum DC. subsp. oxyphyllum (DC.) H.Ohashi var. mandshuricum Maxim. 

MIYAGIl 

276 

0001 

Akiu, Sendai, Miyagi (T.Kajita & H.Ohashi 92101801) 

MIYAGI2 

277 

0001 

Akiu, Sendai, Miyagi (T.Kajita & H.Ohashi 92101802) 

MIYAGI3 

278 

0001 

Akiu, Sendai, Miyagi (T.Kajita & H.Ohashi 92101803) 

MIYAGI4 

247 

0001 

Jouge, Sendai, Miyagi (T.Kajita 92071101) 

MIE 

246 

0001 

Kaochi-dani, Nabari, Mie (T.Kajita & H.Iketani 92091901) 

NAGASAKI 

253 

0001 

Tari-yama, Nagasaki (K.Yonekura 92846) 


sample: abbreviation of sample. Samples in the text and Fig. 1 are shown by combination of last epithet of 
taxa and this abbreviation. 

DNA: accession number of DNA sample. 

Score: pattern of the four restriction site changes. Presence of restriction site is scored as 1, and absence as 
0, in the order of restriction site change No. 3, 7, 9, 10. See text for more detail. 
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1. 

In our previous work (Kajita and Ohashi 
1994) we performed phylogenetic analysis 
using restriction site variation of chloroplast 
DNA for most species of Desmodium 
subgen. Podocarpium, and analyzed 16 sam¬ 
ples from four infraspecific taxa of D. 
podocarpum except for subsp. szechuenense. 
Restriction site analysis of chloroplast DNA 
provided five restriction site changes which 
determined three groups that were not con¬ 
sistent with any infraspecific classification 
systems. The first group consisted of three 
subspecies: subsp. podocarpum, subsp. 
fallax, and subsp. oxyphyllum, while the sec¬ 
ond and third group contained only subsp. 
oxyphyllum. In subsp. oxyphyllum, however, 
only the second group included both var. 
oxyphyllum and var. mandshuricum, but the 
first and third only var. oxyphyllum. Consi¬ 
dering the geographical distribution of sam¬ 
ples of var. oxyphyllum, members of the first 
group were mostly distributed in northern 
Japan and the third in southern Japan. Var. 
mandshuricum was in a clade with some of 
var. oxyphyllum from southern Japan and 
Korea. As no samples from continental Asia 
were used, we have no information about the 
distribution pattern of each genome types in 
its wide distribution area. In addition, as 
samples used in the study were collected in¬ 
dividually from distant populations, we have 
no information about the genomic composi¬ 
tion in a rather small area where var. 
mandshuricum and var. oxyphyllum are in 
nearby populations. 

In this paper, we report a result of restric¬ 
tion site analysis using four of the five re¬ 
striction sites for 22 samples additional to 
the previous study. In the course of field re¬ 
searches in southern China in 1992 and 
1993, we collected subsp. szechuenense that 
is endemic to China and the only taxon that 
was not included in the previous study. The 
questions we tried to solve are (1) in which 
group newly added Chinese samples will be 


included; (2) do the groups recognized by 
the chloroplast genome have their own 
unique distribution pattern; and (3) whether 
the difference between var. oxyphyllum and 
var. mandshuricum are clear in a rather small 
area. 

Materials and Methods 

Twenty-two samples of Desmodium podo¬ 
carpum were collected in field researches in 
Japan and China in 1992 and 1993 (Table 1). 
Leaves were kept on ice until DNA extrac¬ 
tion in laboratory. Seven samples were col¬ 
lected in Guanxi and Hunan Province of 
southern China. Ten materials were collected 
in Sendai city, Miyagi Prefecture. Five of 
them were collected from nearby populations 
in Akiu. We collected typical var. oxyphyl¬ 
lum and var. mandshuricum in this area. 
Voucher specimens are preserved in the her¬ 
barium of Tohoku University (TUS). 

Total DNA was extracted from fresh 
leaves by CTAB method of Doyle and Doyle 
(1987). Southern blotting analysis of restric¬ 
tion site variations was performed as was de¬ 
scribed in Kajita and Ohashi (1994). We 
employed four of five restriction site changes 
(Nos. 3, 1 , 9, and 10 in Table 2 and Fig. 1 of 
Kajita and Ohashi 1994) that were used to 
recognize three phylogenetic groups. The re¬ 
striction site change No. 8 was not surveyed 
in this study because of a shortage of amount 
of several DNA samples. All restriction site 
changes were newly derived characters in the 
clade of D. podocarpum (Kajita and Ohashi 
1994). 

Results and Discussions 

We call the five infraspecific taxa of 
Desmodium podocarpum examined in this 
study arbitrarily by their last epithets in the 
following. 

Restriction site changes examined in this 
study are shown in Table 1. The presence of 
site is scored as “1” and absence as “0”. All 
the materials have one of the three patterns 
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of combinations of restriction site changes, 
that are 0110, 1100, and 0001, as were the 
same pattern recognized in the previous 
study (Kajita and Ohashi 1994). To compare 
these results with the previous data, distribu¬ 
tion of the restriction site changes and the lo¬ 
cality of all the samples listed in Table 1 are 
shown in a form of dendrogram (Fig. 1), to¬ 
gether with data of 16 samples obtained in 
Kajita and Ohashi (1994). 

A newly added taxon from China, szechu- 
enense, is included in the clade which has re¬ 
striction site change No. 9 together with 
samples of podocarpum, fallax, and Japanese 
samples of oxyphyllum (Fig. 1). As a result, 
samples from all the four subspecies are in¬ 
cluded in this clade. Szechuenense have been 
expected to be more closely related to 
oxyphyllum than fallax and podocarpum, and 
was treated as a variety of D. podocarpum 
subsp. oxyphyllum (Ohashi 1973). According 
to our observation in the fields and herbaria, 
plants of szechuenense are collected at river¬ 
side and have quite narrow leaflets and a ro¬ 
bust root. These characteristics are often 
seen in a rheophyte. Considering these char¬ 
acteristics with the morphological resem¬ 
blance between szechuenense and oxyphyl¬ 
lum, one possibility can be suggested that the 
formar was locally (i. e., in China) derived 
from the latter. However, in this study, no 
Chinese samples of oxyphyllum are in the 
same clade with szechuenense, and szechu¬ 
enense is more closely related to podo¬ 
carpum, fallax, and Japanese samples of 
oxyphyllum (Fig. 1). The reason why such 
diversity of taxa and distribution are seen in 
a single clade is still in question. Phylo¬ 
genetic relationships of szechuenense and 
other members that share restriction site 
change No. 9 should be studied with more 
samples using molecular marker with higher 
resolution. 

Four newly added Chinese samples of 
oxyphyllum are included in the same clade 
with those from Kyushu and Taiwan (Fig. 1). 
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podocarpum TOKYO 
podocarpum KOREA 
podocarpum CHINA* 
podocarpum TAIWAN 
fallax TOKYO 
fallax YAMAGATA 
fallax CHINA* 
szechuenense CHINA* 
oxyphyllum IWATE 
oxyphyllum MIYAGI1* 
oxyphyllum MIYAGI2* 
oxyphyllum MIYAGI3* 
oxyphyllum MIYAGI4* 
oxyphyllum MIYAGI5* 
oxyphyllum FUKUSHIMA 
oxyphyllum TOKYO 
oxyphyllum MIE* 
oxyphyllum NARA* 
oxyphyllum NAGASAKI1* 
oxyphyllum MIYAGI6 * 
oxyphyllum NAGASAKI 2 
oxyphyllum KOREA 
mandshuricum MIYAGI1* 
mandshuricum MIYAGI2* 
mandshuricum MIYAQI3* 
mandshuricum MIYAGI4* 
mandshuricum YAMAGATA 
mandshuricum TOKY01 
mandshuricum TOKY02 
mandshuricum MIE* 
mandshuricum NAGASAKI* 
oxyphyllum MIYAZAKI 
oxyphyllum KUMAMOTO 
oxyphyllum TAIWAN 
oxyphyllum CHINA1* 
oxyphyllum CHINA2* 
oxyphyllum CHINA3* 
oxyphyllum CHINA4* 


Fig. 1. Three groups of Desmodium podocarpum 
surveyed in this study and Kajita and Ohashi 
(1994). Vertical bars and numbers below show 
the shared restriction site changes that are 
synapomorphic characters of each clade and 
numbers designated to them in the previous work 
(Kajita and Ohashi 1994). Samples are shown by 
the combination of last epithet and the abbrevia¬ 
tion of samples. Samples with asterisks are new 
in this study. 


No materials from northern part of Japan are 
included in this clade. This result suggests a 
possible tendency of the geographical distri¬ 
bution of this chloroplast genome of 
oxyphyllum in South China, Taiwan, and 
Kyushu. 

All the materials of mandshuricum which 
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are collected in a rather wide range of distri¬ 
bution area in Japan (from Miyagi, Mie 
and Nagasaki Prefectures) are included in 
the second clade (Fig. 1). Three samples 
(oxyphyllum MIYAGI6, oxyphyllum 
NAGASAKI2, and oxyphyllum KOREA) of 
oxyphyllum are also included in this clade. 
Although mandshuricum and oxyphyllum 
have been thought to be different only by 
populations or by individuals (Ohashi 1973), 
our results suggest a possibility that 
mandshuricum, which is generally repre¬ 
sented in gross morphology, can be phylo- 
genetically monophyletic, although presence 
of three samples of oxyphyllum included in 
this clade give a question about relationships 
between these varieties or about correct rec¬ 
ognition of their morphological circumscrip¬ 
tion. 

Oxyphyllum MIYAGI6 (Fig. 2b) was col¬ 
lected in a population found at Akiu in 
Sendai city. The leaves of the individual 
spread throughout the stem as in ordinary 
oxyphyllum, but they are thin in texture and 
pale whitish in lower surface as in 


mandshuricum. This individual was grown in 
a place close to the population of typical 
oxyphyllum represented here by oxyphyllum 
MIYAGI2 (Fig. 2a) and of mandshuricum 
represented by mandshuricum MIYAGI 1 
(Fig. 2c). All were within 100 m in distance. 
In our molecular result, oxyphyllum 
MIYAGI2 is included in the first clade, but 
oxyphyllum MIYAGI6 is included in the 
second clade together with mandshuricum 
MIYAGI 1. The presence of oxyphyllum 
MIYAGI6 in the second clade suggests sev¬ 
eral possibilities that the intermediate form 
like this material is a result of genetic ex¬ 
change between oxyphyllum and mandshuri¬ 
cum, or that the morphological circumscript¬ 
ion of mandshuricum should be extended. 
More detailed studies on other morphologi¬ 
cal differences of these groups as well as 
biosystematic studies will be necessary. 

Our results show that samples from 
Kyushu, i. e., mandshuricum (NAGASAKI) 
and oxyphyllum (NAGASAKI 1, 

NAGASAKI2, MIYAZAKI, KUMAMOTO) 
distribute throughout all the three clades 



Fig. 2. Three individuals of Desmodium podocarpum subsp. oxyphyllum collected in nearby populations, in 
Sendai, Japan, a: var. oxyphyllum (oxyphyllum MIYAGI2), b: var. oxyphyllum (oxyphyllum MIYAGI6), c: 
var. mandshuricum (mandshuricum MIYAGIl). Voucher specimens in TUS. Scale bar = 5cm. 






(Fig. 1). It seems likely that geographic dif¬ 
ferentiation is occured between northern and 
southern part of Kyushu (Fig. 1). Analysis 
including more materials from Kyushu are 
necessary. 
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